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STRATIGRAPHIC SECTIONS OF THE PHOSPHORIA FORMATION

IN IDAHO, 1947-48, PART I

INTRODUCTION A large number of people have taken part in this
investigation. In addition to the authors, F. C. Arm-

The PermianPhosphoria formation of the western strong, R. P. Sheldon, R. M. Campbell, R. A.
states contains one of the world' s largest reserves of Gulbrandsen, R. A. Hoppin, D. M. Larrabee, 0. A.
phosphate. Although previous investigations (see es- Payne, R. S. Sears, R. A. Smart, R. G. Waring,
pecially Mansfield, 19Z7), including reconnaissance geo- and R. A. Weeks participated in the description of the
logic mapping and sampling, established the location of strata and collection of the samples referred to in this
most of the important deposits and their quality at scat- report. D. B. Dimick, Jack George, W. S. Hunziker,
tered localities, they were not sufficiently detailed to J. E. Jones, H. A. Larsen, and T. K. Rigby assisted
permit a comparison of the merits of individual deposits in the preparation of trenches and collection, crushing,
or an appraisal of the reserves of phosphate rock that and splitting of samples in the field. The diamond
might be available under present economic conditions, drilling described in this report was undertaken for
Because the growing importance of the western phos- the Geological Survey as a cooperative project by the
phate deposits requires a better, more detailed under- U. S. Bureau of Mines. This drilling was under the
standing of their distribution and quality, the Geological supervision of A. E. Long (1949).
Survey began in 1947 a comprehensive investigation,
including( 1) reconnaissance geologic mapping, mostly The laboratory preparation of samples for chem-
in Montana, of areas in which the Phosphoria formation ical analysis was done under the direction of W. P.
could occur but where it had not previously been looked Huleatt (1950), who also designed a crushing and split-
for or found; (Z) geologic mapping , ofseveral Maa aing apparatus for field use. The analyses for P 0
at a scale no smaller than 1:62, 50, mof several areas and apparatsoreand most of those for Al0 Fee
known to contain the Phosphoria formation but not pre- and los, on ignition were made for the Survey by te
viously mapped except in reconnaissance fashion: (3) Geo- Bureau of Mines at the Northwest Electrodevelopment
logic and topographic mapping, at a scale of 1:12, 000, Laboratory, Albany, Oreg., under the direction of
of some of the richest, thickest, and most accessible S. M. Shelton and M. L. Wright. The spectrographic
deposits; (4) measuring, describing, and sampling all analyses in the Bureau of Mines laboratory were pre-
beds of the phosphatic and shaly parts, and in some pared by D. M. Mortimer. Analytical work by the
places the full thickness, of the Phosphoria formation Geochemistry and Petrology Branch of the Geological
and its stratigraphic equivalents at one or two localities Survey has been done under the direction of J. C.
per township over the entire field; (5) chemical and Rabbitt by chemists I. Barlow, A. Caemmerer, J.
spectrographic analysis of the samples for phosphate, Greene, N. Guttag, and E. H. Humphrey.
fluorine, minor metals, oil, and rock-forming con-
stituents; and (6) petrologic and geochemical studies Compilation of the data has been largely by R. P.
of the rocks and minerals of the formation. Sheldon and F. D. Frieske under the supervision of

R. W. Swanson. Organization of the tabular data has
These studies are designed to define the regional been largely by Anita Cozzetto.

and local geologic structures in which the phosphate
beds lie, to provide a basis for the estimation of re- Acknowledgments
serves of the inferred class over the entire region, and
to determine the origin of the rocks and the elements Special thanks are due W. W. Rubey, J. Steele
contained in them. The data collected are not of the Williams, and A. E. Weissenborn who have given
detail required to plan actual mining operations, but it much advice in planning and organizing the field pro-
is hoped they will guide industry in the selection of in- gram.
dividual deposits worthy of further exploration.

The cost of both the field and laboratory in-
Most of the field work contemplated as a part of vestigations has been partly borne by the Division of

this investigation is now completed. Although the data Raw Materials of the Atomic Energy Commission.
will not be compiled or published in final form for some This support is gratefully acknowledged.
years to come, segments of the data, accompanied by
little or no interpretation, will be published as prelimi- It is a pleasure to acknowledge the fine cooper-
nary maps or reports as they are assembled. The ation extended to the field party by the local residents,
present report is the first of a series presenting in ab- property owners, and operating phosphate companies,
breviated form the descriptions and analyses of the who furnished information and services and gave access
beds measured and sampled at various localities in to property. A. J. Winters, Superintendent of the
southeastern Idaho (pl. 1). Companion reports pre- Montpelier schools; E. M. Norris, C. T. Russell,
senting segments of the data from Montana, Wyoming, and L. E. Traeger of the Anaconda Copper Mining
and Utah (Swanson and others, 1953, McKelvey, and Company; D. L. King of the San Francisco Chemical
others, 1953, and Smith and others, 1953) are being Company; and G. A. McHugh and H. B. Fowler of tho
released at the same time as this report, and others Simplot Fertilizer Compariy have been especially
are in preparation. helpful in this connection.
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FIELD AND LABORATORY PROCEDURES is presented here, but most of the remaining data
will be presented later.

The field and laboratory procedures followed
in these investigations and the definitions of the litho- Collection of Samples

lcgic terms adopted throughout the work, particularly
insofar as they bear upon the interpretation of the data Channel or bench samples have been collected

presented, are described in some detail in this report from each unit over the full thickness of the phosphatic

but will be omitted or only summarized in subsequent member of the Phosphoria formation and, in a few

ones. places, over the entire formation. The minimum
weight of the samples is 1 Z pounds, but the average

Preparation of Sections for Description and Sampling weight of those collected from the sections described
in this report is about 35 pounds.

Natural exposures of the phosphatic shale
member of the Phosphoria formation are rare. Most Treatment and Analysis of Samples

of the sections measured, therefore, have been exposed
artificially, generally by bulldozer but in some places All samples have been crushed to minus -inch

by hand-trenching. The trenches, which range from mesh and reduced to 10 pounds in a field laboratory

5 to as much as 30 feet in depth and from 200 to 500 established at Montpelier, Idaho, using a combination

feet in length, have beenlocated mostly on steep slopes jaw crusher and Vezin-type splitter designed by

containing a minimum of foreign talus and abundant W. P. Huleatt (1950). The crushed samples have been

fragments of phosphate rock and in areas where the split into two parts at the Geological Survey sample-

regularity of outcrops of adjacent formations and the preparation laboratory in Denver--one stored with no

covered interval between them indicated little or no further treatment and the other ground to minus 20-

structural complication. Despite these precautions, mesh. From the latter, two 4-ounce splits have been

part if not much of the phosphatic shale proved too cut and ground tominus 80-mesh for chemical analysis.
deeplyburied to expose at several localities; the rocks Powders for spectrographic analysis also have been

exposed at most localities are weathered and in some prepared in the Survey' s Denver laboratory.
places physically distorted or displaced by creep; and
at some localities parts of the section are repeated or All samples have been analyzed for P 0 and
omitted by faults not recognizable at the surface. For acid insoluble by methods essentially the same2 as5 those
these reasons the thicknesses measured donot every- described by Hoffman and Lundell (1938). In addition
where represent the true thickness of the rocks, and all samples from a few localities have been analyzed
the samples collected and analyzed are not wholly for Al 0 Fe 0 V 0 and loss on ignition, and
representative of the rocks at depth. semiqdafitati~el spectPographed for Al, Ba, B,

Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, Si, Ag,
A few sections were obtained by diamond Na, Sr, Ti, V, Zn, and Zr and, in a large percentage I

drilling undertaken by the Bureau of Mines in co- of the samples, for nearly 20 additional elements in-
operation with the Geological Survey in an effort to cluding Sb, As, Be, Bi, Cd, Cb, Ga, Ge, Au, In, Li,
develop a means of coring the Phosphoria formation. Hg, Pt, Ta, Sn, and W. Most samples representing
The engineering results of this experimental drilling a thickness of more than 3 feet and a P 2 0 5 con-
have been described in another report (Long, 1949). tent in excess of 30 percent or a thickness of more

than 10 feet and a P 0 content in excess of 20 per-
Measurement and Description of Strata cent have been anal34 eh for AI 2 0 3 , Fe 2 0 , and loss

on ignition, and most of these same samples have
The full thickness, or such of it as could be been spectrographed for the constituents listed above.

exposed, of the phosphatic member of the Phosphoria Some of these samples have also been analyzed for F
formation has been described and sampled at each or V 0
locality. In addition the entire formation has been 2 5

described, and in some places sampled as well, at A small percentage of the analyses of the samples
selected localities to provide information on other reported here are not yet available. They will be
constituents besides the phosphate and to provide presented in later reports.
stratigraphic information for correlation purposes. INTERPRETATION OF CHEMICAL DATA

Each lithologic unit greater than 0. 5 foot in

thickness has been described and sampled separately Nearly all the phosphate is in carbonate-
(a few thinner units have been described and sampled fluorapatite, which has a composition of about
as well), and units greater than 5 feet in thickness 9CaO. 3P 0 CaF CO H 0 The percentage of
have been divided into two or more parts, except in P2 0 mu0 n ipied b *2. 5, tAerefore, gives the ap-
nonphosphatic parts of the formation where some proximate percentage of the phosphate mineral. The
thicker units have not been subdivided. For identi- percentage of tricalcium phosphate, 3CaO. P 0 or
fication purposes, each locality has been assigned a bone phosphate of lime (B. P. L. ) as it is laled in
lot number, each bed described a bed number, and the phosphate industry, may be calculated by multi-
each bed sampled a sample number, plying the percentage of P 2 0 5 by 2. 18.

Because many people have participated in the Acid-insoluble content may be determined by a
measurement and description of the beds, it has been variety of procedures that yield widely different re-
necessary to standardize the terminology used in the sults. In the analyses reported here, the acid-insol-
work in order to achieve uniform results. This has uble content represents that portion of the rock not
been achieved mainly through the use of prepared soluble in aqua regia and not ignitable or volatile at
forms or tables with spaces in which to record for about 1000* C. The acid-insoluble fraction consists
each unit its bed number, sample number, field principally of silica, but it generally also includes
name, thickness, texture, grain size, hardness, 10-30 percent of the total iron oxide, alumina, and
thickness of bedding, presence of fossils, mineralogy, titania and a generally negligible percentage of
reaction to hydrochloric acid, color, jointing, and phosphate, magnesia, lime, and several minor metals
nature of contact with the underlying unit. In order such as zirconium. Mineralogically it may be taken
that field descriptions could be augmented by as an approximate index of the total amount of detrital
laboratory petrographic studies, one or more chip minerals in the rock; the fact that some of the detritals
samples have been collected from each unit. Only a may have been partially dissolved by the acid treat-
brief abstract of this field description--bed and ment is counterbalanced by the fact that many rocks
sample numbers, rock name, and bed thickness- contain some secondary chert. Attention is called to

3



the fact that the acid-insoluble residue determined in CLASSIFICATION AND NOMENCLATURE OF

this fashion includes little if any carbonaceous matter. ROCKS OF THE PIUOSPHORIA FORMATION

That portion of the rock not in carbonate- Rocks of the Phosphoria and adjacent form-

fluorapatite or acid insoluble, thatis, A. I. +(P 0 x ations consist of mixtures of three types of materials:

2. 56), includes the CaO and CO not in fluorapa'itl as (1) detrital silicates--principaUy quartz, clay, mica,
well as nearly all the MgO, Na 2 ), K 0, SO 3 , organic and feldspar; (2) chemical precipitates-dominantly
matter, and minor metals such as vanadium, chrom- the isotropic carbonate-fluorapatite (collophane),
ium, nickel, zinc, etc. (even some of the zirconium is calcite, dolomite, and chert but locally including
in acid-soluble form); it also includes all the Fe O, minor amounts of pyrite or marcasite, gypsum, and

Al 0 , and TiO that would be reported in sepalaKe glauconite; and (3) carbonaceous matter. Most of the

anIyTLes for thise constituents (only soluble iron, detrital materials are silt or clay size in southeastern

alumina, and titania are generally reported). Mineral- Idaho, but sand-size particles occur in other parts of
ogicaly this portion of the rock consits mainly of the field. Many of the chemical precipitates, par-

calcite and dolomite; pyrite, marcasite, and other iron ticularly the phosphates, are aggregated into pellets
sulfides; limonite, hematite, and other iron oxides; or nodules which give a coarse-textured appearance.
iron sulfates and gypsum; and organic matter. The Because the rocks are mixtures and because they
minerals containing the soluble alumina, alkalis, and were deposited under similar physical conditions,
minor metals are as yet poorly defined, but they seem they are remarkably uniform in appearance and they
to be mainly of the hydromica type. are difficult to differentiate, especially in the field.

For this reason, the majority of the names applied to
Loss on ignition includes chiefly carbonate CO 2 ,  the rocks in the field have been revised or modified

organic matter, and water. It may also include some on receipt ci chemical or petrographic analyses.
sulfur, depending upon the minerals present in the
rock and the temperature reached during ignition. The most significant property of the rocks is
Loss on ignition may be taken as a rough measure of their composition, and this has been used as the prin-
the organic-matter content if the rock contains no cipal basis in naming them. As the rocks are mix-
carbonates and little or no clay or if CO and water tures, their composition seldom can be described by
have been determined and can be subtracted from the the use of a noun alone. The rock names reported
loss on ignition. here, therefore, generally consist of a noun, chosen

to represent the dominant constituent, supplemented
An accurate total of all constituents is extremely by adjectives representing each constituent that

difficult to obtain, even when all the constituents makes up more than 20 percent of the rock, listed in
present, and this may include 30 or 40, are determined, order of decreasing abundance.
This partly because the accurate determination of
many constituents in phosphate rock is extremely Nouns describing nonsilicate rocks include phos-
difficult and partly because the state of oxidation of phate rock, limestone, and dolomite. The choice of
many of the elements is not known. Thus, iron is these names is not influenced by texture, whether col-
generally reported as Fe 0 but it may actually be present loform, crystalline, or fragmental. Silicate rocks, that
as FeO, FeS etc. ; valadum is reported as V 0 but is, those rocks that contain a predominance, either indi-
may be presnt as V 03; and sulfur is reporteA is vidually or collectively, of silicate minerals such as
SO but is known to "be present as organic, sulfide, chert, quartz, clay, mica, and feldspar, are subdivided
and sulfate compounds. The same uncertainty ap- into sandstone or mudstone, depending upon whether the
plies to several other elements, particularly metals, larger percentage of these materials is sand size

(1/16-2mm) or is finer-grained, orinto chert. Because
Because nearly all stratigraphic sections were it is seldom possible to differentiate silt-size from

measured and sampled at or near the surface, the clay-size particles in the field, and frequently not pos-
analyses reported here are of partly weathered rocks. sible to do it in thin sections, in carbonaceous rocks
Aside from physical disintegration, the principal such as these, the term mudstone has been used to in-
effects of weathering of Phosphoria formation rocks clude all detrital rocks containing particles smaller
are progressive oxidation of organic matter and than sand size. Quartzite has been used to describe
leaching of more soluble constituents, a sandstone so well cemented that the rock breaks

through, rather than around, most of the grains.

In advanced stages of weathering, such as are

found wher ,he rocks immediately underlie the Derivatives of all these nouns are used as
weathering surface developed prior to the deposition adjectives--phosphatic, calcareous, dolomitic, cherty,
of the Tertiary Wasatch formation, the organic sandy, argillaceous (silt and clay not differentiated-
matter is so completely oxidized and removed that if the respective constituents make up 20 percent or
the rocks are white, light gray, or pink in color, more of the rock. Other constituents that generally
Relatively soluble constituents, including calcium do not make up 20 percent or more of the rocks, such
carbonate and minor metals like vanadium, are as gypsum, glauconite, limonite, and fluorite, are
leached out, so that only the more insoluble con- mentioned, if they seem unusually abundant, by pre-
stituents remain. ceding the constituent name with contains". Because

nearly all rocks of the phosphatic shale member con-

In less-advanced stages of weathering, such as tain carbonaceous matter, though rarely in excess of
those characteristic of the present weathering cycle or even approaching 20 percent, this constituent is
and of most of the rocks described here, the rocks generally not recognized in the rock name.
ore medium to dark shades of brown or gray and
some of the more soluble materials mentioned above Attention should be called to the fact that certain
have been leached out. Judging from the rocks ex- rock names-shale (which, where rigorously defined,
posed on various levels in the Anaconda Copper is a fine-grained fissile detrital rock), oolit, and
Mining Company mine at Conda, the P,0 5 content of pisolite--are not applied here to rocks of the Phos-
such moderately weathered rocks maybe one or two phoria formation. These names, which are based
percentage points higher than in unweathered rocks at upon structural features, have been abandoned with
depth. some misgivings, for they are easy to use in the field.
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FEET PERCENT PS 0O THICK- AVERAGE

NESS "I O1.
30 20 10 0 LITNOLOSy IN FEET PERCENT DESCRIPTION

CUpper shale member (not exposed)

Rex cheri member (top not exposed)

46 1 Chert: hard, black, thin-bedded

50

32 1 Mudstone: hard, black, thin-bedded

100

68 1 Cher: hard, brittle, dark-gray to pinkish-gray, thick-bedded

150

Chert and limestone: 80 percent hard, black, thin-bedded chert; 20 percent hard,
-' L*~82 1 dark-gray, massive limestone

200 Phosphatic shale member I
1 19 Phosphate rock: oolitic, nodular, medium-hard, light brownish-gray; contains

omphalotrochus gastropods
11 2 Mudstone: medium-hard, brownish-gray, thin-bedded
1i 22 Phosphate rock: argillaceous, oolitic, pisolitic, medium-hard, brownish-gray to

black, thin-bedded; contains a few limestone concretions

Mudstone and phosphate rock: soft, brownish-black, thin-bedded mudstone, in-
250 22 14 terbedded with oolitic, soft, brownish-black, thin-bedded phosphate rock; con-

tains many limestone lenses near base

28 6 Mudstone: medium-hard, brownish-gray, thin-bedded; 2-foot limestone bed at top;
contains phosphatic nodules in middle 12 feet

3 13 Mudarone: phosphatic, oolitic, hard, grayish-brown, thin-bedded

5 2 Mudstone; hard, brownish-pray, thick-bedded

5 12 Mudsone: phosphatic, oolitic, medium-hard, brownish-gray, thin-bedded
300 16 4 Mudstone: nodular, hard, brownish-gray, thick-bedded; yellow-brown stain on

300oints
Mudstone: phosphatic, nodular, ooliic, medium-hard, brownish-gray to black,

/ 2 14 thin-bedded

-- 15 4 Mudstone: nodular, hard, brownish-gray, thick-bedded

Mudstone: phosphatic, oolitic, soft, brownish-black to black, thin-bedded; con-
18 s tains many limestone lenses

- 4 1 Limestone: hard, medium-gray, massive; contains black chert layers at base

59 6 Mudstone: soft, brownish-black, thin-bedded mudstone interbedded with phos-
phatic, oolitic, soft, brownish-black, thin-bedded mudsrone

2 3 Limestone: hard, pale-brown massive

14 17 Mudstone: phosphatic, oolitic, soft, brownish-black, thin-bedded; contains a
few limestone lenses

3 5 Limestone: hard, pale-brown massive
2 11 Mudstone: phosphatic, oolitic, nodular, soft, brownish-black, thin-bedded

3 4 Limestone: hard, brownish-gray, massive. 'False cap' limestone400.. .
15 25 Phosphate rock: argillaceous oolitic, soft, brownish-gray to brownish-black,fissile

7 33 Phosphate rock: oolitic, medium-hard, brownish-black, thin-bedded
4 2 Mudatone: medium-hard, dark-brown, thin-bedded

Phosphate rock: oolitic, hard, black, thin-bedded. Lower 0.5 foot contains white
2 30 (tabular) fossil fragments

440 . ...............
Wells formation

Figure 2. -- Generalized typical section of" Phosphoria formation in southeastern Idaho
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Though the term shale is discarded as a rock name, it REFERENCES
will continue to be used as a formation name, as the
"phosphatic shale member". The usage of the term in Clabaugh, P. S., 1946, Permian phosphate deposits of

this sense for a group of fine-grained thin-bedded, but Montana, Idaho, Wyoming, and Utah: U. S. Geol.

not necessarily fissile, detrital rocks is so firmly en- Survey, Strategic Minerals Investigations Prelimin-

trenched in stratigraphic nomenclature that it would be ary Map 3-198.
useless to try to displace it, even if it were desirable
to do so. Deiss, Charles, 1947, Phosphate deposits of the

Deer Creek-Wells Canyon area, Caribou County,

STRATIGRAPHY OF THE PHOSPHORIA Idaho: U. S. Geol. Survey Bull. 955-C.
FORMATION IN SOUTHEASTERN IDAHO

Hoffman, James J., and Lundell, G. E., 1938, Anal-
At its type locality in southeastern Idaho (Richards ysis of phosphate rock: U. S. Bur. Standards

and Mansfield, 1912), the Phosphoria formation con- Research Paper 1095.
sists of a lower member, the phosphatic shale, about
180 feet thick and an upper member, the Rex chert, Huleatt, William P., 1950, Automatic sample prep-

about 240 feet thick; another member, a thin-bedded aration saves time, money for U. S. G. S. : Eng.
cherty mudstone 15 to 75 feet thick, overlies the and Min. Jour., vol. 151, pp. 62-67.
Rex chert in most of southeastern Idaho and western
Wyoming, though it is not well defined at the type Long, A. E., 1949, Experimental diamond core-dril-
locality, ling in the Phosphoria formation in southeastern

Idaho: U. S. Bur. Mines Rept. Inv. 4597.
The Phosphoria formation overlies the Pennsyl-

vanian Wells formation and underlies the Triassic Mansfield, G. R., 1927, Geography, Geology, and

Dinwoody formation. The upper 50 to 75 feet of the mineral resources of part of southeastern Idaho:
Wells formation consists of gray fossiliferous cherty U. S. Geol. Survey Prof. Paper 152. References

limestone that contains some thin phosphatic layers. to other areas are listed by Clabaugh, 1946.
It may be the correlative of the lowermost member (A
member) of the Phosphoria formation in Montana and McKelvey, V. E., 1949, Geological studies of the
the lower limestone member of the Park City form- western phosphate field: Am. Inst. Min. Met.
ation in Utah (McKelvey, 1949). Eng. Mining Trans., vol. 184, pp. 270-279.

In southeastern Idaho most of the phosphatic beds McKelvey, V. E., Smith, L. E., Hoppin, R. A., and

are in the phosphatic shale member, and it is on this Armstrong, F. C., 1953; Stratigraphic sections of
member that most of our studies have been focused. It the Phosphoria formation in Wyoming, 1947-48:
consists of many thin layers, some of which persist U. S. Geol. Survey Circular 210.
over the whole area. They may be grouped into several

broad units, as yet unnamed, as shown in figure 2. Richards, R. W., and Mansfield, G. R., 1912, The
Bannock overthrust: a major fault in southeastern

STRATIGRAPHIC SECTIONS Idaho and northeastern Utah: Jour. Geology, vol.
20, p. 684

Abstracts of stratigraphic sections measured at
1Z localities, and the available analytical data, are pre- Smith, L. E., Hosford, G. F., Sears, R. S., Sprouse,
sented in the following pages. Their locations, as well D. P., and Stewart, M. D., 1953; Stratigraphic
as the locations of others to be reported later, are sections of the Phosphoria and Park City form-
shown in plate 1. ations in Utah, 1947-48: U. S. Geol. Survey Circular

211.
The semiquantitative spectrographic analyses are

based upon comparisons with a standard plate repres- Swanson, R. W., Lowell, W. R., Cressman, E. R.,
enting known quantities of the elements tested for and and Bostwick, D. A., 1953; Stratigraphic sections
made at the same exposure. Greater sensitivities for of the Phosphoria formation in Montana, 1947-48:
many elements can be obtained by additional exposures. U. S. Geol. Survey Circular 209.
The standard sensitivities for the elements noted in this
report are as follows:

Element Percent Element Percent

Al ....... 0.005 Li ....... 0.2
Sb ........ 05 Mg ........ 001
As ........ .1 Mn ........ 004
Ba ....... . 08 Hg ....... . 10
Be ....... .001 Mo ........ 004
Bi ........ 002 Ni ....... . 01
B ....... . 001 P ........ .8
Cd ....... . 1 Pt ....... . 01
Ca ....... .. 01 Si ........ 002

Cr ....... .02 Ag ....... ..001
Co ....... .01 Na ....... . 05
Cb ....... .01 Sr ........ .1
Cu ........ 001 Ta ....... I1.0
Ga ....... .05 Sn ....... . 01
Ge ....... . 01 Ti ....... . 002
Au ........ ni W ........ .1
In ....... .05 V ....... . 01
Fe ....... .005 Zn ........ 05
Pb ....... . 1 Zr ....... . 003
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